87 01280 ®) o 


SAN FRANCISCO BAY REGION 


A REVIEW OF 
GEOTECHNICAL 
STUDY COSTS 


INSTITUTE OF GOVERNMENTAL 


STUDIES » LIBRARY 


JUN 17 1987 


UNIVERSITY OF CALIFORNIA 


Sao? FAEIPRBA covernwenss 


are 8 ‘ 


rs ) 
SAN FRANCISCO BAY REGION 


A REVIEW OF 
GEOTECHNICAL STUDY COSTS 


PURPOSE 


Information on the costs of geotechnical studies can help local governments 
evaluate how requirements for soils and geologic studies affect the cost and 
timing of new development. This information also can help determine if lo- 
cal governments are making the best use of the geotechnical services avail- 
able to them. ABAG has surveyed the geotechnical firms in the region--the 
soils engineers and geologists that actually do the studies--to collect this 
information. 


While this data is not specific enough to provide developers with information 
on what they will pay for studies on a particular parcel of land, it can be 
used to provide planners and elected officials with some idea of study costs 
in various broad categories of land. Discussion about the costs of these 
studies is not meant to diminish their value in reducing the damage associ- 
ated with landslides and other natural hazards. 


MAJOR CONCLUSIONS 


The ABAG survey collected information on the costs of studies and, more 
important, on the factors that contribute to those costs: 


o Although larger companies charge more for their studies, they 
also tended to perform more types of studies for larger devel- 
opments in more Bay Area counties. 


o The public review process can make a large difference in the 
cost of a study, yet many reported that it leads to better 
decisions. Survey participants disagreed on ways of lowering 
these costs. 


o The cost and difficulty of making a study on a single home 
site is proportionately much greater than for a subdivision 
or for a commercial or industrial development. 


o Costs depend on the area being studied. The total cost of a 
geotechnical study in a typical hillside area is much the same 
as one in lowland areas bordering the Bay. Cost in flat and 
gently sloping areas are less than hillside areas--ranging 
from 20% to 80%--and averaging 30%. 


STUDY PRC PROCEDURE 


One page pre-surveys were mailed to all fe fiens eavertiete in Bay Area 
phone directories to obtain some basic information about the company and 
to give the respondents a choice of either filling out a written question- 
naire or being interviewed. The written questionnaires asked for detailed 
information on charges for five different types of studies and what these 
charges depended on. The interview format elicited much additional infor- 
mation on what local governments could do to reduce the costs of studies 
while still getting the information required. A more complete description 
of the procedure and a list of survey Boe tars is includes at the end 
of this report. . 


GENERAL FINDINGS 


FIRM SIZE 


Larger companies tend to provide a greater variety of services and to work 
on larger developments in more areas than smaller companies. These ten- 
dencies, together with greater overhead, Tead. to greater costs. 


The following charts summarize. the relationship between firm size and type 
of studies performed (Table 1), type of development projects studied (Table 
2) and number of counties in the region in which they do business (Table 3). 
The total number of firms responding varies from chart to chart since all 
firms did not answer all questions. Hag Ni ANS 


PUBLIC HEARINGS AND THE REVIEW PROCESS 


Holding public hearings, filling out. forms , and getting reports reviewed 
by staff may double the cost of a study. If the project is controversial, 
the cost may increase up to tenfold. The cost of the review process often 
depends on the jurisdiction's policies toward growth, not on the relative 
problems of the project. The competence of the person reviewing the re- 
port for the jurisdiction may affect the cost significantly. 


As a result of these problems, the participants saw the need for a better 
mechanism to review reports. Some firms felt that the review process went 
most smoothly in jurisdictions with very rigid ordinances that specified 
the report requirements and minimized discretion of the particular person 
reviewing the report. Other firms felt that the review process worked 

best when the reviewing staff were able to make their comments flexible 

and bend them to the particular situation, rather than being bound by rigid 
ordinances. Several firms mentioned the need for full-time reviewers while 
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TABLE 1: RELATIONSHIP BETWEEN FIRM SIZE 
AND VARIETY OF DEVELOPMENT STUDIES PREPARED 


# of Types 1-2 3-10 11-30 31-100+ 
of Studies Professionals Professionals Professionals Professionals 
1 1 1 1 
“4 5 2 
3 2 1 
4 4 5 
5 12 21 10 5 


TABLE 2: RELATIONSHIP BETWEEN FIRM SIZE AND 
NUMBER OF BAY AREA COUNTIES IN WHICH FIRM HAS WORKED 


# of Bay 1-2 3-10 11-30 31-100+ 
Area Counties Professionals Professionals Professionals Professionals 

1 1 

2 

3 2 3 

4 B t 

5 3 4 

6 2 2 

7 1 5 1 

8 5 7 1 i 

9 S 8 10 4 


TABLE (. RELATIONSHIP BETWEEN FIRM size 
AND TYPES OF DEVELOPMENT ON WHICH 
FIRM HAS WORKED 


Type of 1-2 3-10 11-30 31-100+ 
development Professionals Professionals Professionals Professionals 
Single family 20 29 9 5 
home site* 

Less than l-acre 19 | 25 9 ih) 
subdivision 

1-5 acre sub- 18 28 9 5 
division 

5-20 acre sub- 18 28 9 5 
division 

Greater than 20- 15 27 9 5 


acre subdivision 


Apartment build- 19 28 9 5 

ing site 

Apartment com- 

plex site 15 29 9 5 

a ie ons Moe Ua eM Ra ble a 
Light industrial 16 27 9 5 
complex 

Heavy industrial 8 17 9 5 
complex 

EE UE AT AE TEE RE ES is NPS ee 
Smal1 commercial 16 28 ths 9 5 
building (1-4 

eeontees 

Regional shopping 9 21 9 5 

center 

Large commercial 7 22 8 5 


building (greater 
than 4 stories) 


Commercial re- 6 Wi 7 5 
development com- 

plex ; 

a ee ee 
Total answering 23 30 9 5 
questions 


¥The difference between these figures and those cited in the discussion of 
the single-family home site is that these figures are the numbers of firms 
that have performed studies for home sites, the earlier figures are the 
numbers of firms that are willing to perform these studies in the future. 
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others felt this was not needed, especially in smaller jurisdictions. Some 
firms believed that existing staff geologists should be supplemented with 
staff soils engineers. They felt that developers would save money by pay- 
ing a fee for formal soils engineering review, rather than relying on a 
geologist to review soils engineering reports. Some felt that the most im- 
portant savings could be realized if a list of reviewing staff or contact 
people in jurisdictions could be developed. 


Several companies indicated that there was a definite need to develop more 
standardized regulations among jurisdictions in the Bay Area. These firms 
did not believe, however, that the State should establish the regulations 
since the type of development in the Los Angeles area warrants a different 
set of requirements than in the Bay Area. Any State regulations would need 
to be sensitive to local conditions. 


The requirement for Environmental Impact Reports has had an effect on the 
process of preparing a geotechnical study in some areas. Some companies 
help write the geologic and soils portions of these reports. An early fea- 
sibility study can often be used in the EIR and save the developer money. 
However if the portion of the EIR on soils and geology is written by a non- 
professional, the developer may pay more money in the final analysis by 
having to pay a geotechnical firm to attend meetings and to support and 
supplement the work. The earlier the feasibility study is made, the more 
valuable it becomes, especially if it is made when the potential developer 
has an option on the property but before it actually has been purchased. 


STUDIES FOR SINGLE HOMES 


Some local governments require studies for all developments, even a single 
house. This requirement has traditionally been very controversial. The 
study for a single home site is different than for a subdivision or for a 
commercial or industrial development. The investigation is especially dif- 
ficult because the surrounding area may be built up and surface exposures 
of underlying materials insufficient. More subsurface work usually needs 
to be done and access is often difficult. All of these problems lead to 
more expense. The costs cannot be split between several home buyers as 

in subdivisions or taken up by savings in construction costs as for large 
buildings. The cost leads to excessive pressures on the geotechnical firm 
to make shortcuts when they are least feasible. This tactic leads to foun- 
dation failures, lawsuits, and corresponding increases in insurance costs. 
Needless to say, many firms will not perform a geotechnical study for a 
single house. Yet others will. The pre-survey indicated that fifty out 
of seventy firms will do such a study. Reasons for their willingness were 
quite similar: 


o The firm believes it is its public duty to perform a service 
and, since there is a need, they perform the studies. 


o The firm is selective about the areas in which it does the 
studies and only does them in areas where the principals of 
the firm are very familiar with the soils and geologic con- 
ditions. 
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o The firms are selective about the construction companies or 
architects with which they do business. | 


o Many are small companies that do not have the overhead of 
larger firms and have principals in the company which can 
afford to spend time on small projects. 


o Some of the firms actually specialize in problem lots and 
these are largely single residential lots. 


o Firms are usually careful. to tell the owner what they are 
getting into beforehand to ensure that they are able to per- 
form an adequate job. £ 


o Some of these firms bypass the insurance problem by not 
having insurance. They view insurance as a license to cut 
costs and do unacceptable work. 


FINDINGS RELATED TO SPECIFIC 
STUDY REQUIREMENTS 


COSTS OF FAULT STUDIES IN ALQUIST-PRIOLO SPECIAL STUDIES ZONES 


Many factors contribute to the cost of the study required by the Alquist- 
Priolo Special Studies Zones Act. The factors mentioned and the number 
of firms mentioning each factor are listed in Table 4, below. The first 
three factors are specifically mentioned as possibilities in the survey. 


An attempt was made to quantify the effect of the type and size of the 
proposed development on the total cost of the study; firms were asked to 
estimate the cost of the preliminary and detailed investigations for 13 
hypothetical developments. The costs varied widely. Large ranges were 
given by many firms. Firms that refused to provide estimates noted that 
developers might be misled into thinking that the cost of a study would 
be a set amount and that they would be angry if their particular study 
cost more than the set amount. The costs did help clarify the relation- 
ship among parcel size, type of development, and study cost. The range 
and mean range for each hypothetical development are given in Table 5, 
below. 


TABLE 4: FACTORS CONTRIBUTING TO THE COST 


OF STUDIES IN ALQUIST-PRIOLO STUDY ZONES 


# Of Firms Listing 


Factor the Factor 


The cost of a preliminary investigation depends, 117/33 
in part, on whether or not a detailed investiga- 
tion will be required. 


The cost depends on the type of development 25/30 
proposed (type of buildings and size of parcel) 
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The cost depends on the number of similar studies £3) 36 
performed in adjoining areas 
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The cost depends on other factors including 
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how complicated the faulting is in the 16 
area (San Mateo vs. Marin vs. Santa Clara) 

access (including topography) 6 
the shape of the parcel 4 
availability of aerial photos 4 
availability of published geologi 4 
mapping 

the amount of trenching required 3 
extent of existing development 2 
if the site is in the central portion of 2 
the zone or on the border 

activity of the fault 1 
type of soil conditions, including 1 


liquefiable conditions and Bay muds 


(1) 


(2) 


(3) 


(4) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 


TABLE 5: 


20-acre single- 
family home 
subdivision to 
be divided in- 
to 100 lots of 
1/5 acre each. 


5-acre single- 
family home 
subdivision to 
be divided into 
25 lots of 1/5 
acre each. 


2/5-acre single- 
family home site 
to be divided 
into 2 lots of 
1/5 acre each. 


1 single-family 
home site of 1/5 
acre. 


20-acre single- 
family home 
subdivision to 
be divided into 
4 lots of 5 
acres each. 


1 single-family 
home site of 5 
acres. 


l-single family 
home site of 40 
acres. 


5-acre apartment 


( 


( 


COST OF FAULT STUDIES REQUIRED IN 


ALQUIST-PRIOLO SPECIAL STUDIES ZONES 


Approximate Cost in Dollars 
Detailed 


Preliminary 
Development Investigation Investigation 


Range 


$200-300 


-°$200-2-,000 


$150-1,275 


$150-1,200 


$200 , 3000 


$100-1,250 


$100-1,600 


$200-2,000 


complex (3 story). 


An apartment on 
2/5 acre (3 
story). 


50-75 acre re- 
gional shopping 
center complex. 


300-350 acre 
light industrial 
complex. 


Downtown commer- 
cial redevelop- 
ment project (3 
stories) of 5 
acres. 


A commercial 
building on 2/5 


acre (3 stories). 


$200-1,500 


$500-7 ,000 


$200-10,000 


$500-5,000 


$100-2,000 


Mean Range 


$1,181-1,336 


$ 829-1,006 


$ 517-621 


$ 433-550 


$ 955-1,092 


$ 436-529 


$ 578-678 


$ 980-1,500 


$ 760-900 


$2,010-2,130 


$2,020-2,190 


$1,900-2,030 


$ 840-950 


Range 


$1, 500-25 ,000 


$1,500-20,000, 


$ 500-6,100 


$ 700-5,600 


$1, 200-18, 000 


$ 700-5 ,000 
$ 100-10,000 


$1, 500-20, 000 


$ 700-200 ,00 
$21 ,000-50 ,000 
$9 ,500-150 ,000 


$2 ,000-25,000 


$ 700-20,000 


Mean Range 


$6 ,333-11,298 


. $3,678-6 ,822 


$1, 647-2 ,287 


$1,692-2,200 


$3 ,992-6,010 


$1,780-2,220 


$2,070-3,110 


$3 ,950-6,140 


$2 ,270-3,870 


$9 ,540-13,080 


$9,160-20,790 


$6 ,650-9 ,650 


$2, 780-4 ,490 
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Next, an attempt was made to determine the cost of a study if a previous 
study had been made on the same fault (at distances ranging from adjacent 
parcels to one mile away). Table 6, below, summarizes the results. 


TABLE 6: COST OF FAULT STUDY IF PREVIOUS 
STUDIES MADE ON SAME FAULT 


Distance ee WE ee OOo L 
From Previous Study Tncrease Decrease No Change 
1 mile away 0/28* 4/28 (small) 24/28 
& mile away 0/27 11/28 (10%) 16/27 


On an adjoining 
parcel 0/28 22/28 (20%) 6/28 


The amount of decrease depends on who performed the original investigation, 
whether or not a fault was found, and the complexity of the faulting. 


In an attempt to determine how many preliminary investigations are likely 
to result in detailed investigations, participants were asked what rela- 
tionship exists between photo-interpreted lineations and actual active 
faults. The range given varies widely (e.9., from 0-100% of lineations 
can be active faults) depending on the fault system in question and the 
photo interpretation techniques used. 


During the process of answering these questions, survey respondents ex- 
pressed a concern about some local governments attempting to reduce the 
costs by only requiring studies in the vicinity of the dashed line in the 
center of the study zones for single homes or minor subdivisions. Accord- 
ing to both the firms and the California Division of Mines and Geology, a 
fault could be anywhere in the study zone. That is why the study zones 
were established in the first place. Firms were also disturbed that so 
little effort had been made to update the maps periodically as new and 
better information was received resulting in costly studies being required 
in unhazardous areas. Unfortunately, the CDMG staff and the staff review- 
ing the studies for local governments do not have the time to update the 
maps. 


COSTS OF SLOPE STABILITY STUDIES 


Many of the same factors contribute to the cost of the study required by 
many local governments in hillside areas. The factors mentioned and the 
number of firms mentioning each factor are listed in Table 7, below. The 
first three factors listed are specifically mentioned as possibilities in 
the survey. 


*0/28 means zero out of 28 responding. 
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TABLE 7: FACTORS CONTRIBUTING TO THE COST OF 
STUDIES RELATED TO SLOPE STABILITY 


# of Firms Listing 
Factor the Factor 


The cost depends on the number of acres 36/38 
in the parcel 
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The cost depends on the type of develop- 29/38 
ment proposed (height, cost, density and 
floor area) 


The cost depends on whether or not a 19/38 
fault study is also required (who does it? 1/38) 
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The cost depends on other factors including: 


o the location of the project 6 
o the amount of landsliding ants 5 
o the geologic materials, including 

their complexity 4 
o the amount of grading proposed 3 
o the depth or size of the slide(s) or 

potential slide(s) 3 
o the topography 3 
o the access 2 
o the drainage | i 
o the evidence for landsliding 1 
o if the underlying geologic materials are 

exposed 1 
o if other studies have been done in the area I! 
o the amount of vegetation 1 
o the extent of inspection required 1 
o distance from the office 1 
o activity of the fault 4 


o type of soil conditions, including 
liquefiable conditions and Bay muds 1 


Bahay 


In order to get a better knowledge of the relationship between geologic 
materials and topography, and study costs, survey participants were asked 
to estimate the amount of work required for each of five categories on 2 
USGS maps (Nilsen, in press). The map shows five categories of relative 
slope stability. Table 8, below, summarizes the responses. 


TABLE 8: RELATIONSHIP BETWEEN GEOLOGIC MATERIALS 
AND TOPOGRAPHY AND EXTENT OF STUDY REQUIRED 


Percent of Preliminary Percent of Subsurface 
Slope Studies that Indicate Investigations that In- 
Stability Subsurface Reconnais- dicate Detailed Inves- 
Category sance Work is Required tigations are Required 

1. Slopes less 
than 5% ~~ -- 

2. Slopes between range = 40-100% range = 0-100% 

5% and 15% mean = 47% mean = 41% 

3. Slopes greater range = 20-100% range = 0-100% 
than 15% of mean = 58% mean = 47% 
geologic mate- 
rials that are 
character isti- 
cally stable 

4, Slopes greater range = 30-100% range = 20-100% 
than 15% of mean = 83% mean = 78% 
geologic mate- 
rials that are 
characteristi- 
cally unstable 

5. Areas of photo- range = 50-100% range = 50-100% 
interpreted mean = 92% mean = 87% 


landslides, re- 
gardless of 
percent slope 
or materials 


Only 16 of 38 firms answered this question. Three more noted that although 
they felt a correlation existed, they could not quantify it. Two firms noted 
that they did not understand the question. 


Next, firms were asked to estimate the cost of preliminary investigations, 
subsurface reconnaissance and detailed investigations for thirteen hypothet- 
ical developments. The cost information helps to clarify the relationship 
among parcel size, type of development and study cost. The range and mean 
range for each hypothetical development are given in Table 9, following. 
(Since several firms gave a combined cost for a’ subsurface reconnaissance 
and a detailed investigation, those costs are given in a separate column.) 
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TABLE 9: COST OF SLOPE STABILITY STUDIES 


Preliminary 


Investigation 


s 


APPROXIMATE COST IN DOLLARS 


Combined 
Subsurface 
Reconnaissance 


Development Investigation Investigation Investigation 
evereen (Mean) (Mean) (Mean) (Mean) 


(1) 


(2) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 


20-acre single-family 
home subdivision to 
be divided into 100 
lots of 1/5 acre each. 


5-acre single-family 
home subdivision to 
be divided into 25 


lots of 1/5 acre each.’ 


2/5-acre single-family 
home subdiviston to 

be divided into 2 lots 
of 1/5 acre each. 


1 single-family home 
site of 1/5 acre. 


20-acre single-family 
home subdivision to 

be divided into 4 lots 
of 5 acres each. 


1 single-family home 
site of 5 acres 


1 single-family home 
site of 40 acres 


5-acre apartment com- 
plex (3 story) 


An apartment of 2/5 
acre (3 story) 


50-75 acre regional 
shopping center com- 
plex (2-3 stories) 


300-500 acre Tight 
industrial complex 


Downtown commercial 
redevelopment proj- 
ect (3 oat of 
5 acres 


A commercial build- 
fing on 2/5 acre 
(3 stories) 


Min. - Max. 


$200 - 3,000 


($746) 
$300 - 1,200 


($426) 
$150 - 700 


($338) 
$150 - 500 


($871) 


$200 - 3,000 


($527) 
$150 - 2,000 


($747) 


$150 - 4,000 


$200 - 2,000 


($554) 


$150 - 1,000 
($1,973) 
$300 - 7,000 
($2,186) 


$300 -10,000 


($1,342) 


$200 - 5,000 


($600) 
$150 - 800 


Detailed and Detailed Detailed 
Min, - Max. Min. - Max. Min. - Max. 
($3,557) ($11,506) ($6,291) 


$1,000 - 10,000 


($1,957) 
$ 700 - 4,000 


($1,470) 


$1,000 - 2,500 


($1,050) 


600 - 18,000 


($2,943) 
$1,000 - 10,000 


($1,207) 


$ 600 - 2,500 


($1,350) 
$ 600"- 3,000 


($3,281) 
$1,000 - 10,000 


($1,564) 
$ 600 - 2,500 
($4,440) 
$2,000 - 8,000 
($8,143) 


$2,000 - 18,000 


($7,000) 


$1,000 - 10,000 


($1,979 


$1,000'- 3,000 
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$1,000 - 50,000 


($3,780) 


$1,800 - 10,000 


($1,595) 


5900 - 3,000 


($1,345) 
$ 300 - 3,000 


($4,272) 
$1,000 - 15,000 


($2,179) 
$ 300 - 4,000 


($3,600) 


$ 300 - 25,000 


($3,638) 
$1,500 - 10,000 


($1,905) 


$ 800 - 3,000 
($28,375) 
$3,000 - 60,000 
($50,339) 


$3,650 -150,000 


($9,488) 


$ 850 - 25,000 


($2,682) 


$ 800 - 7,000 


$2,000 - 16,000 


($3,058) 
$1,000 - 5,000 


($2,787) 


$1,500 - 4,000 


($1,860) 


($3,875) 


$1,000 - 6,000 


($2,433) 
$ 600 - 4,000 


($2,600) 


$ 600 - 5,000 


($4,750) 


$2,000 - 10,000 


($3,400) 


900 - 8,000 
($9,000) 
$7,000 - 12,000 
($13,583) 


$7,000 - 25,000 


($8,000) 


$4,000'- 15,000 


($3,333) 


$1,000 - 6,000 


Next, firms were asked how much the cost of the preliminary work for slope 
stability would be reduced if preliminary work had already been completed 
for a surface rupture investigation. Five out of 27 said that the costs 
would not be reduced; seven out of 27 said no further preliminary work 
would be needed, so the preliminary work for slope stability would be es- 
sentially free; fifteen out of 27 felt that the cost would be reduced by 
25-90%, or by an average of approximately 60%. 


If site conditions necessitated a detailed investigation, then special en- 
gineering recommendations will probably result and additional costs would 
be incurred for special construction. This occurs from 20-100 percent of 
the time, or for an average of approximately 60% of the time. 


Firms indicated that the results of a detailed investigation would sug- 
gest that a building could not be constructed on a site for an economically 
viable cost about 10% of the time. The cost of special mitigation can in- 
crease the cost of construction up to 2,000%, but is usually about a 20% 
increase. Other comments on the cost of mitigating slope stability prob- 
lems included: 


o Feasibility studies prior to purchasing hillside property 
are highly recommended. They usually cost from $100 to 
$500 depending on the kind of information desired and are 
a worthwhile investment. 


o The loss of buildable land is also a cost to the developer. 


o It's much cheaper to deal with slope stability problems be- 
fore construction than after failure. For example, $5,000 
in foundation work can become $35,000 in corrective founda- 
tion work. 


o Developers of large projects can afford more mitigation 
than developers of small projects. 


o People are more willing to spend mony to save existing 
buildings than to prevent problems. 


o Mitigation costs are related to the designer's qualifica- 
tions. 


0 Mitigation costs depend on the area in which the project 
is located. 


COSTS OF EXPANSIVE SOILS STUDIES 


Tests for expansive soils are normally performed as part of a required 
soils report. 


The only commonly available maps that depict this problem are standard 


soil maps produced by the Soil Conservation Service. Although a few firms 
felt that these maps might be useful for general planning purposes, most 
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felt that the maps could not be used to predict the amount of corrective 
work needed. They tended to rely more on past experience to predict the 
corrective work needed. 


Two-thirds of the firms felt that the cost of correcting shrink-swell prob- 
lems was higher on hillsides. One-third noted that the mitigation costs 
were no higher than might normally occur on hillsides, largely since the 
type of foundations commonly used on hillsides were inherently resistant 

to expansive soil problems. 


COSTS OF LIQUEFACTION STUDIES 


Studies to determine whether or not liquefaction potential may be a prob- 
lem usually can be performed as part of a soils investigation without the 
use of additional borings. Much of the time the borings need to be deeper, 
however. 


Soils companies perform this type of initial investigation routinely as 
part of a soils report in most valley and Bay mud areas. The more com- 
plicated liquefaction tests for design and response are not normally per- 
formed, however. 


Again, many factors contribute to the cost of these types of studies. The 
factors mentioned and the number of firms mentioning each factor are listed 
in Table 10, below. The first two factors are specifically mentioned as 
possibilities in the survey. 
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TABLE 10: FACTORS CONTRIBUTING TO 
THE COST OF LIQUEFACTION STUDIES 


# of Firms Listing 
Factor the Factor 


The cost of the study depends on the 24/30 

number of acres in the parcel. 
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The cost of the study depends on the 21/30 

type of development proposed. 
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The cost of the study depends on other 
factors including: 


o Local soil conditions 10 
Oo The depth of the water table 6 
o The level of mitigation required 4 


o If a school or hospital is to be 


built at the site 2 
o The complexity of the suburface 

soils 2 
o The ground rules 1 
Oo The depth of the liquefiable mate- 

rials ] 
Oo The type of mud 1 


oO The thickness of liquefiable mate- 
rials 1 


O The magnitude of the design earth- 
quake and the distance of the parcel 
from the fault 1 


o The ease of obtaining samples 1 
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The cost range for these types of investigations vary widely. The investi- 
gation to determine whether or not a problem may exist usually ranges from 
$200 - $1,000, while a more complex investigation, including computer anal- 
yses, can range from $20,000 - $100,000. While some firms perform the more 
complicated analyses, others believe that the studies are virtually useless! 
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USGS has mapped 5 categories that are thought to be related to liquefaction 
potential in a general manner (Youd, et al., 1973). The categories have 
the following characteristics: 


Category 1: Tertiary and older deposits 
2: Older (Pleistocene) alluvial fan 

deposits 
Younger (Holocene) alluvial deposits 
Younger (Holocene) alluvial deposits 
where the water table is normally 
within 10 feet of the surface 
a: Deposits underlying young bay sedi- 

ments. 
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The materials in the categories have the following characteristics: 


% Materials % Materials ; *% Materials Not 
Loose Enough for Loose Enough for Loose Enough to Have 


High. Lig. Poten. Marginal Liq. Po. Have Signif. Lig. Po. 


Category 1 0% 0% 100% 
Category 2 11% 29% 60% 
Category 3 22% 33% 45% 
Category 4 22% 33% 45% 
Category 5 33% 28% 39% 


USGS defines those sediments likely to liquefy in a moderate earthquake 
(magnitude 6.5) as having a "high" liquefaction potential. Those sediments 
unlikely to liquefy in even a large event (magnitude 8.0) are defined as 
not having significant liquefaction potential. The marginal liquefaction 
potential designation indicates that the materials are intermediate between 
high and low potential. 


The firms were asked to estimate, for each of these categories, the percent- 
age of studies that probably would indicate mitigation. These estimates, 
made by only seven firms, varied so much as to be of no use. Three of the 
seven estimated that fewer projects would need mitigation in category 5 

than category 4, in spite of the data given on looseness of materials! 


Next, firms were asked to estimate how the cost of mitigation work might be 
related to increases in construction costs. Eleven of eighteen firms dis- 
agreed with this method of estimating costs, although none could provide a 
better method. The ranges of increases were again too varied to be of much 
use, pa oaae costs are apparently extremely dependent on each particular 
project. 
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COSTS OF SETTLEMENT STUDIES 


Studies on settlement potential are performed as part of a required soils 
report, if needed. Apparently they are only felt to be needed an average 
of 40% of the time. 


The cost of such a study depends on a number of factors, listed in Table 
11, below. 


TABLE 11: FACTORS CONTRIBUTING 
TO THE COST OF SETTLEMENT STUDIES 


# of Firms Listing 


Factor the Factor 


The cost of the study depends on the number of 
acres in the parcel. 23/29 
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The cost of the study depends on the type of 
development proposed (including the load of 
the buildings) 25/29 


The cost of the study depends on other factors 


including: 

0 Local soils or geologic conditions 10 
o The thickness of the compressible soils 3 
o The design of the building 3 
o The water table Z 
o The cost of the project 1 
o The time required to prepare the report 1 
o The amount of monitoring required after 

construction 1 
o Access 1 
o The point in time at which the soils 

engineer enters the project 1 
o The foundations and earthwork proposed 1 
o The number of samples tested 1 


Leal 


( ( 


Next an attempt was made to try to predict, for planning purposes, the 
extent of special engineering and foundation work required for four map- 
pable categories: 


1: Bay muds 

2: Slopes greater than 15% 
3: 5% - 15% slopes 

4: All other areas. 


The firms felt these categories to be sloppy. One firm suggested the 
following categories: 


1: Bay mud and peat soils 
2 RAS 

3: Low density soils 

4: Thick colluvium 


The cost of extra study in areas of settlement might add from $200 - 
$1000 to the cost of a typical soils investigation. Although the cost 
of mitigation may be substantial, the problem land usually costs less; 
therefore, the total cost of development ends up being about the same 
as on problem-free land. 
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HOW THIS INFORMATION WAS COLLECTED 


COMPILING A MAILING LIST 


A list of geotechnical firms that do business in the Bay Area was obtained 
by compiling a list from the yellow pages of Bay Area telephone books under 
the categories "“engineers-foundation" and "geologist." Names were obtained 
for 118 firms. 


SENDING OUT A PRE-SURVEY 


A one-page survey was then mailed to these addresses to: 
O get the name of a contact person for sending future information 


0 determine whether the firm would be willing to participate in 
Such a Survey 


0 give the respondent a choice of filling out a written ques tion- 
naire or being interviewed 


0 obtain some basic information about the company: its size, the 
type of studies performed, the types of development studied, 
and the counties in which it does business. 


Of the original 118 pre-surveys that were mailed, eleven were returned by 
the post office because the company was no longer at the address listed 
and had left no forwarding address. Five companies were listed under two 
names. Eleven companies indicated that they did not perform the type of 
services listed; most emphasized hydrogeology (largely well-drilling ser- 
vices) or did resource and mining exploration work. Only 21 surveys were 
not returned. Most of these had been sent to individuals, not companies. 
Eight firms were unwilling to participate. Sixty-two firms indicated that 
they would be willing to participate. Of these, 28 preferred filling out 
a written questionnaire, while 23 preferred being interviewed. The eleven 
respondents that did not indicate a preference were sent written question- 
naires. . 


COMPILING AND ANALYZING THE WRITTEN QUESTIONNAIRES 


The written questionnaires asked very specific questions about charges for 
five different types of studies and what these charges depended on. Al- 
though questions left much room for comment, few responded about general 
problems with the way local governments are using available geotechnical 
services. The emphasis of the responses was on hard data. Sixteen of the 
41 firms sent written questionnaires did not return them, probably because 
they were quite long. 


CONDUCTING INTERVIEWS 


The interview format lead to a different type of response. Although in- 
formation was collected on general costs, much additional information was 
collected on what local governments could do to improve the study process. 


SURVEY PARTICIPANTS ¢ 
Wessley W. Paulsen 

Applied Geological Engineers 
8055 Callison Road 

New Castle, California 95658 


Billy M. Lin 


Associated Geotechnical Engineers 


1440 Koll Circle 
San Jose, California 95112 


Jesper C. Strangaard 

Bala & Strangaard 

P.O. Box 780 

Mill Valley, California 94941 


Leonard 0. Long 

Berlonger Long & Associates 
2468 Embarcadero Way 

Palo Alto, California 94303 


J. Michael Cleary 

Cleary and Associates 

95 Main 

Los Altos, California 94022 


E.A. Miller 

Converse Davis Dixon Associates 
325 Pacific Avenue 

San Francisco, California 94111 


Donald E. Clark 

Cooper Clark and Associates 
940 E. Meadow Drive 

Palo Alto, California 94303 


Edward A. Danehy 
737 Pride Court 
San Jose, California 95127 


H.R. Volin 

Diablo Soil Engineers 

122 Camino Pablo 

Orinda, California 94563 


Howard F. Donley 

Donley and Associates 

3190 Melendy Drive 

San Carlos, California 94070 


Jay Nelson 

Earth Science Consultants 
P.0. Box 2846 

San Rafael, California 92707 


Albert C. Gribaldo 

Earth Systems Consultants 
1900 Embarcedo Rd., Suite 200 
Palo Alto, California 94303 
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Charles A. Fisher 
1112 Ocean Street 
Santa Cruz, California 95060 


Mr. Gasch 

Gasch and Associates, Inc. 
1832 Tribute Road 

Sacramento, California 95815 


Brian G. Higgins 
Geoconsultants 

1450 Koll Circle 

San Jose, California 95112 


Harold Goldman 
Geological Consultants 
406 Marietta Drive 

San Francisco, CA 94127 


John J. Hallenbeck 

Hl lenbeck McKay and Associates 
1485 Park Avenue 

Emeryville, California 94608 


L.A. Hansen 

Hansen Associates 

43 Horseshoe Court 

Walnut Creek, California 94596 


Donald L. Schreuder 
Harding-Lawsen Associates 

55 Mitchell Boulevard 

San Rafael, California 92707 


RvGie Tate 

R.C. Harlan Associates 
55 New Montgomery 

San Francisco, CA 94105 


Donald Herzog 

Herzog and Associates 

P.O. Box 707 

Mill Valley, California 94941 


Don Hillebrandt 
Hillebrandt Associates 

604 Mission St., Suite 901 
San Francisco, CA 94505 


Jo Crosby 

Jo Crosby and Associates 
756 California 

Mountain View, CA 94041 


William F. Jones 
365 Woodside Way 
San Mateo, California 94403 


© 
Judd Hull 


Hull and Associates 
22874 Sutro Street 
Hayward, California 94541 


Peter Kaldveer 

Kaldveer and Associates 

11 Embarcadero West 
Oakland, California 94607 


C.M. McRae 

J.H. Kleinfelder and Associates 
1501 N. Broadway 

Walnut Creek, California 94596 


Michael Praszker 

Lee and Praszker 

147 Natome 

San Francisco, CA 94105 


Alvin K. Joe, dr. 

Logistics International Consultants 
World Trade Center, Suite 230 

San Francisco, CA 94111 


Dale Wilder 

John V. Lowney and Associates 
145 Addison Avenue 

Palo Alto, California 94301 


Burton Marliave 
67 Grandview Place 
Walnut Creek, CA 94595 


Robert C. Martin 
422 Green Glen Way 
Mill Valley, CA 94941 


Arshud Mahmood 

McClelland Engineers, Inc. 
1804 S. Saviers Road 
Oxnard, California 93030 


Chester M.F. Peters 
115 Grand View Avenue 
San Francisco, CA 94114 


Joseph M. Provenzano 
Provenzano and Associates 
1303 Stanford Avenue 
Emeryville, CA 94608 
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Abel R. Soares 

Soares and Associates 
3635 Pinole Valley Road 
Pinole, California 94564 


K.C. Sohn 

Soil Foundation Systems, Inc. 
733 Benton 

Santa Clara, California 95050 


R.A. Wehnan 

Surveyors Inc. 

100 Pine 

San Francisco, CA 94111 


Hassan Amen 

Terrasearch, Inc. 

1580 N. Fourth Street 

San Jose, California 95112 


Henry G. Thurm 

Earth Mechanics and Site Engineering 
3509 Mount Diable Boulevard 
Lafayette, California 94549 


John Heneghan 

W.A. Wahler and Associates 
1023 Corporation Way 

Palo Alto, California 94303 


William R. Cotton 

W. Cotton and Associates 

315 Tait Avenue 

Los Gatos, California 95030 


Jeremy C. Wire 
1450 Koll Circle, Suite 114 
San Jose, California 95112 


George E. Hervert 
Woodward-Clyde Consultants 
2 Embarcadero Center 

San Francisco, CA 94111 


James J. Zerbe 
2323-5th Avenue 
San Rafael, California 94901 


Neil H. Zickefoose and 
Associates 

P.O. Box 967 

El Sobrante, California 94803 
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